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Introduction
Chronic obstructive pulmonary disease (COPD) is a common disease that severely threatens human health. Social and economic burden of COPD will rise to fifth, and COPD will become the third leading cause of death worldwide by 2020. 1 A survey which included seven regions and 20,245 adults indicated that the prevalence of COPD in those over 40 years in the People's Republic of China was as high as 8.2%. 2 On average, each COPD patient suffers from 0.5 to 3.5 episodes of acute exacerbations per year, and acute exacerbation of COPD (AECOPD) is a major cause of death and causes huge medical expenditures. In the United States, the inhospital mortality of AECOPD is about 4.3%, and cost 9,545 USD per patient for hospitalization in 2006.
symptoms may or may not warrant a change in underlying therapy, and the symptoms will typically resolve over a period of days to weeks. 1, 6, 7 The most common causes of AECOPD appear to be viral infections of the upper respiratory tract and bacterial infections of the trachea and bronchi. The bacterial burden increases during exacerbations, and new bacterial strains lead to specific immune responses and inflammation of neutrophils associated with AECOPD. Bacterial and viral infections and air pollution can induce acute exacerbations. Pulmonary infection or colonization of bacteria and viruses are always accompanied with exacerbations of airway inflammation. However, the causes of about one-third of AECOPD cases cannot be identified. The goals of treatment for AECOPD are to minimize the impact of the current exacerbation and prevent the development of subsequent exacerbations. 1 Short-acting bronchodilators with or without short-acting anticholinergics are usually preferred bronchodilators for treatment of AECOPD. Systemic corticosteroids and antibiotics can shorten recovery time, improve lung function (forced expiratory volume in 1 second [FEV 1 ]), alleviate hypoxemia and reduce the risk of early relapse and treatment failure, and reduce the length of hospital stay. Antiviral treatment is no longer recommended in AECOPD.
AECOPD can be prevented. Approaches that can reduce exacerbations and hospitalizations include but are not limited to the following: smoking cessation, influenza and pneumococcal vaccines, long-acting bronchodilators with or without inhaled corticosteroids, and phosphodiesterase-4 inhibitors.
1,7
Etiology of AECOPD
The most common cause of AECOPD is respiratory infection. Viral or bacterial respiratory infection is identified in 78% of AECOPD patients. Other triggers for AECOPD include smoking, air pollution, inhaled allergens, surgery, sedative drugs, pneumothorax, pleural effusion, congestive heart failure, arrhythmia, and PE. To conclude, AECOPD can be precipitated by multiple factors; for example, viral infection and air pollution can aggravate airway inflammation and then secondary bacterial infection occurs. 6, 7 
AECOPD and viral infections
It has been shown that AECOPD can be induced by viral upper respiratory tract infections, which occur in almost 50% of patients with AECOPD. Rhinovirus, respiratory syncytial virus, and influenza viruses are common causes. Up to 64% of exacerbations are associated with a common cold, which is usually caused by rhinovirus occurring before exacerbation onset. Research shows that rhinovirus infection leads to significant proliferation of existing bacteria in the airways and increases bacterial load. It is suggested that rhinovirus infection can change flora in COPD patients' airways and is involved in secondary bacterial infection. 8 Respiratory syncytial virus is another common agent, while AECOPD caused by influenza viruses is relatively infrequent. An increased prevalence of respiratory viruses in low temperature winter months accounts for the high incidence of AECOPD in winter each year. The symptoms of AECOPD caused by viral upper respiratory tract infections are more severe than those induced by bacteria. Also, the duration is much longer, and possibilities of relapse increase. Both neutrophils and eosinophils increase in sputum after viral infection. About 25% of patients suffer from mixed infection with viruses and bacteria which can lead to a critical condition and an increased length of hospital stay.
9-11
AECOPD and bacterial infections
Bacteria are isolated from sputum using standard culture techniques in 40%-60% of exacerbations. The three most common species isolated in COPD exacerbations are Haemophilus influenzae, Moraxella catarrhalis, and Streptococcus pneumoniae, followed by other infectious agents including Pseudomonas aeruginosa, Gram-negative Enterobacteriacea, Staphylococcus aureus, and H. parainfluenzae. Recently, a multicenter study in the People's Republic of China demonstrated that the sputum culture results from 331 of 884 AECOPD patients were positive (37.4%). 12 Among them, 78.8% were Gram-negative bacteria in which Klebsiella pneumonia and P. aeruginosa were most commonly seen, and the next was H. influenzae; 15.5% were Gram-positive cocci including S. pneumoniae and Staphylococcus aureus. 12 Bronchoscopic studies have shown that 25% of patients have bacteria colonization in their lower airways in stable COPD, while up to 50% of patients during exacerbations have bacteria in their lower airways. Smoking is an independent risk factor of bacteria colonization in lower airways, which can be implied by high levels of neutrophils, interleukin-8, and tumor necrosis factor alpha in bronchoalveolar lavage fluid or sputum of patients in a stable phase. These markers, representing airway inflammation, increase in AECOPD and decline when antibiotics are used. Antibiotics have a significant effect on exacerbations caused by infection, especially for Anthonisen I exacerbations with severe airflow limitation and resolution of symptoms ( associated with increased sputum volume, sputum purulence, and severe dyspnea).
11,12
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Acute exacerbation of COPD in the People's republic of China AECOPD and atypical pathogens Atypical pathogen is another factor that cannot be ignored. Chlamydia pneumoniae is currently considered an important trigger for exacerbations. Research has shown that 3%-5% of AECOPD is caused by C. pneumoniae. In one such study of AECOPD patients, 60.9% had an acute infection of C. pneumoniae, which was markedly higher than the control group (15.9%), and for COPD patients in stable phase, the infection rate was 22.9%.
11
AECOPD and environmental factors
Noninfectious factors such as smoking, air pollution, and inhaled allergens can also induce airway inflammation. These agents can cause mucosa edema, smooth muscle spasm, and increased secretions, which facilitate the growth of colonized bacteria. Epidemic data have shown that air pollutants, especially the concentration of particles with diameter of 2.5-10 µm (particle material [PM] 10, PM 2.5), are associated with the onset of AECOPD, and environment temperature drop can also induce AECOPD. In addition, there are causes of AECOPD yet to be identified.
13
Assessment of AECOPD Clinical manifestations
Exacerbation of dyspnea, wheezing, chest tightness, cough, sputum production increase, change of color and/or viscosity of sputum, and fever are the main presentations of AECOPD. Some nonspecific symptoms such as tachycardia, insomnia, lethargy, fatigue, depression, and mental disorders can also emerge. When a patient suffers from fever, radiographic abnormalities of the chest, or a decrease in exercise tolerance, AECOPD should be considered. An increase in sputum production and purulent sputum usually suggest bacterial infection. 13 
Diagnosis
The diagnosis of AECOPD relies exclusively on the clinical presentations of the patients complaining of an acute change of symptoms (baseline dyspnea, cough, and/or sputum production) that is beyond normal day-to-day variation. No single biomarker has been applied in the clinical diagnosis and assessment of AECOPD so far. In the future, a biomarker or group of biomarkers that enable a more precise etiologic diagnosis would be desirable. 14 
Differential diagnosis
The therapeutic effects for 10%-30% patients with severe AECOPD are not satisfactory, and these patients should be reassessed. Some other confusing diseases like pneumonia, congestive heart failure, pneumothorax, pleural effusion, PE, or arrhythmia should be considered. The poor compliance to treatment also causes a change of symptoms, which can be difficult to distinguish from a real exacerbation. Acute dyspnea of congestive heart failure can be differentiated by the increase of plasma B-type natriuretic peptide associated with other clinical manifestations.
1,15
Severity of AECOPD
The assessment of AECOPD is based on the disease course, symptoms, signs, spirometry, blood gas, and other laboratory tests (Table 1) . Specific attention should be paid to duration of worsening or new symptoms, severity and frequency of dyspnea and cough, volume and color of sputum, limitation of daily activities, edema, number of previous exacerbations and hospitalizations, and current treatment regimen. It is important to compare with previous laboratory tests so that acute changes can be easily noted. Mental status is an indicator of deterioration, and critical illness needs emergency treatment. Use of accessory respiratory muscles, paradoxical chest wall movements, cyanosis, lower limb edema, right heart failure, and hemodynamic instability also help to tell the severity of AECOPD. For very severe COPD, once mental status changes, the patient should be sent to hospital immediately.
1,13
Laboratory findings regular laboratory test
Red blood cell count and hematocrit may identify polycythemia and bleeding. White blood cell count may help to identify pulmonary infection. White blood cell count increases with or without neutrophil shift to the left in some patients with aggravating infection. 
Electrocardiography and echocardiography
Electrocardiography and echocardiography may aid in the diagnosis of right ventricular hypertrophy, arrhythmia, and myocardial ischemia.
Biochemical test
Abnormalities including electrolyte disturbances (hyponatremia, hypoglycemia, and hypochloremia), diabetic crisis, or malnutrition (hypoalbuminemia) can be associated with exacerbations. Other metabolic acid-base disturbance can also be found. 
Sputum culture and antibiotic sensitivity test
Treatment setting of AECOPD
The goals of treatment for AECOPD are to minimize the impact of the current exacerbation and to prevent the development of subsequent exacerbations. Depending on the severity of an AECOPD and/or the severity of the underlying disease, an exacerbation can be managed in an outpatient or inpatient setting. When a patient comes to the emergency department, the first actions are to provide supplemental oxygen therapy and to determine whether the exacerbation is life-threatening. If so, the patient should be admitted to the ICU immediately. Otherwise, the patient may be managed in the emergency department or hospitalized.
Indications for hospital admission
Indications for hospital admission are: 1) a significant increase in intensity of symptoms, such as sudden onset of resting dyspnea; 2) severe underlying COPD; 3) onset of new physical signs (eg, cyanosis and peripheral edema); 4) presence of serious comorbidities (eg, heart failure or newly occurring arrhythmias); 5) failure of an exacerbation to respond to initial medical management; 6) older age; 7) unclear diagnosis; and 8) insufficient medical support.
Indications for ICU admission
Indications for ICU admission are: 1) severe dyspnea that responds inadequately to initial emergency therapy; 2) changes in mental status (confusion, lethargy, or coma); 3) hypoxemia that is persistent or worsens (PaO 2 ,5.3 kPa, 40 mmHg) and/ or hypercapnia that is severe/worsening respiratory acidosis (pH ,7.25) despite supplemental oxygen and noninvasive ventilation; 4) invasive mechanical ventilation is needed; and 5) hemodynamic instability -need for vasopressors. 
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Acute exacerbation of COPD in the People's republic of China ambulatory treatment (treated at home) ( Table 2 ); Level II, severe but not life-threatening AECOPD which requires hospitalization (Table 3) ; Level III, requires ICU admission (leads to acute respiratory failure) ( Table 4) . 6 
Treatments of AECOPD
Controlled oxygen therapy
Oxygen therapy is a key component of hospital treatment of AECOPD. Satisfactory oxygenation (PaO 2 .60 mmHg or SaO 2 [saturated oxygen] .90%) can be easily achieved in patients without severe complications. However, the concentration of inhaled oxygen should not be too high in order to avoid carbon dioxide retention or respiratory acidosis. Oxygen can be delivered by venturi masks or nasal prongs. Venturi masks offer more accurate and controlled delivery of oxygen than nasal prongs but are less likely to be tolerated by the patient. Once oxygen is started, arterial blood gases should be checked 30-60 minutes later to ensure satisfactory oxygenation without carbon dioxide retention or respiratory acidosis.
1,13
Bronchodilators Inhaled short-acting β 2 -agonists or short-acting β 2 -agonists combined with short-acting anticholinergics are usually preferred bronchodilators in AECOPD (Evidence C). (Process of evidence grading [Table S1 ] as per the GOLD 2013 revision was used.) Clinical symptoms and pulmonary function can be improved by these drugs. Nebulized inhalation with shortacting bronchodilators is especially suitable for AECOPD patients. The effect of a long-acting bronchodilator with or without inhaled corticosteroids is not certain in AECOPD. The adverse effect of theophylline is commonly seen and is only to be used in selected cases when there is insufficient response to short-acting bronchodilators (Evidence B). 1 
Inhaled short-acting bronchodilators
Inhaled short-acting β 2 -agonists with or without short-acting anticholinergics are commonly used for the treatment of AECOPD. β 2 -agonists are preferred bronchodilators; shortacting β 2 -agonists are more suitable for AECOPD. If the effect is not satisfactory, anticholinergics (eg, ipratropium bromide) are recommended to be added. Inhalation is the preferred 
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Cai et al approach for short-acting β 2 -agonists and anticholinergics. For AECOPD patients, severe dyspnea, ataxia, and dysesthesia make inhalation difficult; therefore, pressure sprayers are more appropriate. If the pressure sprayer is air driven, hypoxemia could be worsening; however, high inhaled oxygen concentration should be avoided when the sprayer is oxygen driven. If patients are on mechanical ventilation, an adaptor can be used for inhalation. The dosage needs to be 2-4 times higher because of the deposition of drugs in the ventilator circuit. 16, 17 Commonly used short-acting bronchodilator solutions for nebulization include: 1) salbutamol sulfate solution for inhalation, which can be administered by ventilation or nebulizer and diluted with normal saline by sprayers for adults; 2) ipratropium bromide solution for inhalation, which can be administered by nebulizer (6-8 L/min flow rate of oxygen is recommended when oxygen utilities are available; the dosage should be personalized); and 3) ipratropium bromide compound solution, which can be given through a nebulizer or intermittent positive pressure ventilator for adults (the aged included) and teenagers over 12 years old. 16 
Intravenous methylxanthines (theophylline or aminophylline)
Intravenous methylxanthines are considered second-line therapy, only to be used in selected cases when there is insufficient response to short-acting bronchodilators or in some severe AECOPD patients. The dilation effect of methylxanthines is weaker than β 2 -agonists and anticholinergics, but they can be added when illness has not been relieved after 12-24 hours of β 2 -agonist or anticholinergic treatment. In addition to a bronchial dilation effect, methylxanthines can also improve the function of respiratory muscles, increase cardiac output, decrease the resistance of the pulmonary circulation, excite the central nervous system, and have an anti-inflammatory effect. In addition, resistance of corticosteroids can be relieved by theophylline. Nevertheless, due to the individual differences of plasma-drug concentration and narrow therapeutic index, it is essential to monitor plasma levels for evaluation of therapeutic effects and avoidance of adverse effects. Twenty-four hours after theophylline initiation, blood concentration should be tested, and dose adjustment should be based on its effective blood concentration range. Given the cardiovascular and nervous toxicity and mortality increase with overdose, theophylline is recommended for low-dose use. 13 Due to different mechanisms, pharmacokinetic characteristics, and targeted regions of airway, a combination of β 2 -agonists, anticholinergics, and theophylline can be more effective than single medication on bronchodilation.
Corticosteroids
Systemic corticosteroids in hospitalized AECOPD patients can shorten recovery time, improve lung function (FEV 1 ) and arterial hypoxemia (Evidence A), and reduce the risk of early relapse and treatment failure, and reduce the length of hospital stay. A dose of 30-40 mg prednisolone per day for 10-14 days is recommended (Evidence D). Therapy with oral prednisolone is preferable rather than intravenous treatment. 1, 13 Systemic prednisone 40 mg per day for 5 days has been shown to be non-inferior to 14-day treatment with regard to re-exacerbation within 6 months while reducing corticosteroid exposure. 18 Nebulized budesonide suspension for inhalation alone may be an alternative to oral corticosteroids. Time of nebulization and dosage output depend on flow rate, volume of nebulizer, and solution. Nebulized budesonide alone cannot release airflow limitation immediately, so it should be combined with short-acting bronchodilator. 1, 16 Eight milligrams of nebulized budesonide is equal to 40 mg of systemic prednisolone.
Antibiotics Indication for antibiotics
Although the infectious agents in AECOPD can be viral or bacterial, the use of antibiotics in exacerbations remains controversial. There is evidence supporting the use of antibiotics in AECOPD when patients have: 1) three cardinal symptoms -increase in dyspnea, sputum volume, and sputum purulence (Evidence B); 2) two of the cardinal symptoms, if increased purulence of sputum is one of symptoms (Evidence C); or 3) a severe AECOPD attack which requires mechanical ventilation (noninvasive or invasive) (Evidence B). 7 Antibiotics are not recommended in those with two symptoms but no sputum purulence or with one symptom alone.
1,19
Categories of antibiotics
The choice of antibiotics should be based on the local bacterial resistance pattern. In patients with frequent exacerbations, severe airflow limitation, and/or exacerbations requiring mechanical ventilation, cultures from sputum or other materials from the lung should be performed, as Gramnegative bacteria (eg, Pseudomonas spp. or other resistant pathogens) that are not sensitive to the abovementioned antibiotics may be present. For hospitalized patients, culture of sputum or secretion collected by tracheal suction 
route and duration of antibiotics administration
The route of administration (oral or intravenous) depends on the ability of the patient to eat and the pharmacokinetics of the antibiotic, although preferably antibiotics are given orally. Improvements in dyspnea and sputum purulence suggest clinical effectiveness. The recommended duration of antibiotic treatment is 5-10 days, which can be extended in some special cases (Evidence D).
recommendations for initiated antibiotic therapy AECOPD patients can be divided into two groups: patients with no risk of P. aeruginosa infection; and patients at high risk of P. aeruginosa infection. If one of the following risk factors appears, P. aeruginosa infection should be considered: 1) recent hospitalization; 2) frequent (.4 times per year) or recent (in the previous 3 months) use of antibiotics; 3) severe illness (FEV 1 ,30%); or 4) oral corticosteroids (prednisone .10 mg/d in the previous 2 weeks). 9, 10 For patients without risk factors for P. aeruginosa infection, there are several choices of antibiotics, which should be selected based on the severity of exacerbation, local bacterial resistance pattern, cost, and patient compliance. Antibiotics such as amoxicillin/clavulanic acid, levofloxacin, and moxifloxacin are recommended for those with no risk factors of P. aeruginosa infection.
In patients with risk factors for P. aeruginosa, ciprofloxacin or levofloxacin can be chosen when the oral route is available. When parenteral treatment is needed, ciprofloxacin or a beta-lactam with anti-Pseudomonas aeruginosa activity is available. The addition of aminoglycosides is optional.
The use of the oral or intravenous route should be guided by the stability of clinical condition and the severity of exacerbation. Switch (intravenous to oral) should be done by day 3 of admission if the patient is clinically stable. 9, 10 therapeutic effect of initial antibiotics treatment
The effect of antibiotics for AECOPD include short-term effects (ie improving symptoms and lung function, shortening recovery time) and long-term effects (ie minimizing the risk of future exacerbations, reducing bacteria load in the airways). Fungal infections should be noticed, and preventive measures should be applied as necessary for those undergoing treatment with long-term broad-spectrum antibiotics and corticosteroids.
Ten to twenty percent of AECOPD patients may show poor response to initial empirical antibiotic treatment. These failures may be due to the following factors: 1) initial antibiotics have not covered causative pathogens such as P. aeruginosa, S. aureus (including methicillin-resistant S. aureus), Acinetobacter, and other non-fermenting bacteria; 2) long-term use of corticosteroids puts patients at high risk of fungal infections; 3) the causative bacteria is the highly resistant S. pneumoniae; or 4) secondary nosocomial infections in patients on invasive mechanical ventilation.
The underlying reasons need to be analyzed for these patients. Factors commonly seen include inappropriate drug use and other noninfectious factors such as PE and heart failure. Strategies include: 1) trying to identify noninfectious factors; 2) reassessing the possible pathogens; 3) changing to other antibiotics which cover P. aeruginosa, resistant S. pneumonia, and non-fermenting bacteria; or 4) adjusting the treatment according to microbiological test results.
9,10
Empirical antiviral therapy Antiviral agents are not recommended in the treatment of AECOPD, although viral infections play a key role in exacerbation etiology, especially rhinovirus. Many antiviral agents have been tried in the treatment of rhinovirus infections. Compounds have attempted to target cell susceptibility, viral attachment and receptor blockade, viral uncoating, viral RNA (ribonucleic acid) replication, and viral protein synthesis. Unfortunately, although the neuraminidase inhibitors amantadine and zanamivir are effective against influenza, other agents have failed to demonstrate a clinically significant benefit in trials and are often complicated by adverse events and lack of tolerability. 7, 20 Currently, no drugs are licensed for treatment of rhinovirus infections, and thus no antiviral agents are recommended for treating rhinovirus-induced COPD exacerbations. 21 
Empirical use of antiviral treatment and time of onset in AECOPD patients suspected of influenza infection
According to guidelines for the management of adult lower respiratory tract infections released by the ERS in 2011, the empirical use of antiviral treatment in patients suspected of suffering from influenza is usually not recommended. Only in high-risk patients who have typical influenza symptoms (fever, muscle ache, general malaise, and respiratory tract infection) for ,2 days, and during a known influenza epidemic, can antiviral treatment be considered.
9,10
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Respiratory stimulants are not recommended for acute respiratory failure in AECOPD. 1 Doxapram may be used while the patient is transferred to an area where noninvasive mechanical ventilation can be started.
Adjunct therapies
Depending on the clinical condition of the patient, an appropriate fluid and electrolyte balance with special attention to their supplementation should be considered; enteral or intravenous nutrition should be provided for those who have eating problems; drainage of sputum (eg, stimulating cough, patting the back, and postural drainage) is encouraged; comorbidities (eg, coronary heart disease, diabetes mellitus, and hypertension) and complications (eg, shock, disseminated intravascular coagulation, and upper gastrointestinal hemorrhage) should be recognized and treated. 13 
Mechanical ventilation
The goals of mechanical ventilation in AECOPD with respiratory failure include: 1) to relieve hypoxemia, increase PaO 2 (with a target saturation over 90%), and increase oxygen supply to vital organs; 2) to improve acute respiratory acidosis and correct acute life-threatening hypercapnia (without rushing to decrease PaCO 2 to normal range); 3) to relieve respiratory distress -dyspnea would be alleviated when primary diseases are relieved; 4) to reduce respiratory muscle fatigue; and 5) to decrease myocardial and total oxygen consumption -the application of mechanical ventilation can decrease myocardial and total oxygen consumption when AECOPD patients suffer from dyspnea, overuse of respiratory and other muscles, disorders of oxygen release, or cardiac overload. 22 Indications and relative contraindications for noninvasive mechanical ventilation (nIV) Table 5 summarizes the indications and relative contraindications of NIV for AECOPD patients who suffer from acute or chronic respiratory failure. NIV has been shown to rectify acute respiratory acidosis, increase pH value, decrease PaCO 2 , and decrease the respiratory rate and severity of breathlessness. Consequently, NIV can reduce: the length of hospital stay, mortality, and the need for intubation (Evidence A).
Connection between ventilator and patient
Comfort, air leakage, and stability have a great influence on therapeutic effect and patients' tolerance. Mask fit is therefore important to ensure effective ventilator support. In addition to a selection of various sizes of nasal masks and oral-nasal masks, tightness of head gear should be individually adjusted to reduce leakage and prevent skin ulceration. 22 
Modes and parameters of ventilation
Modes commonly used for NIV include continuous positive airway pressure, pressure-controlled ventilation/volumecontrolled ventilation, proportional assisted ventilation (PAV), and pressure support ventilation (PSV) + positive-end expiratory pressure (PEEP), which is usually called bi-level positive airway pressure. Of these, bi-level positive airway pressure is the most often used. Adaptive adjustment of parameters suggests: expiratory positive airway pressure starts from 2 to 4 cm H 2 O and increases gradually until ventilators show good trigger sensitivity for each inspiration; inspiratory positive airway pressure can start from 4 to 8 cm H 2 O and increases when the patient has been tolerated until the ventilation is satisfied or the highest ventilation tolerated has been reached. [23] [24] [25] 27 Monitoring of nIV in AECOPD : table 6 Indications for invasive mechanical ventilation For AECOPD patients, early intervention of NIV can significantly reduce the use of invasive mechanical ventilation. Patients with severe respiratory failure should be considered for intubation and invasive mechanical ventilation as soon as possible if NIV fails or contraindications exist. Table 7 summarizes indications of invasive mechanical ventilation for AECOPD with respiratory failure. 1 
Ventilation modes
Modes commonly used include assist/control ventilation, synchronized intermittent mandatory ventilation (SIMV) 
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Acute exacerbation of COPD in the People's republic of China and PSV. Other new modes like PAV can also be employed. SIMV + PSV and PSV are generally used. The application of PAV is promising and needs to be further investigated (Table 8) .
Parameters
Dynamic pulmonary hyperinflation (DPH) and intrinsic PEEP (PEEPi) are known as the main mechanical changes of breathing leading to respiratory failure in AECOPD. To relieve these conditions, expiration volume can be increased by restricting tidal volume and respiratory rate and increasing inspiratory flow rate. Besides, to cope with PEEPi, an appropriate level of extrinsic PEEP (PEEPe) can be use to facilitate inspiratory trigger and improve synchrony. The setting of ventilator parameters are briefly introduced as follows: 1. Tidal volume or airway pressure: 7-9 mL/kg of tidal volume, or plateau pressure less than 30 cm H 2 O with or without airway peak pressure less than 35-40 cm H 2 O should be applied to avoid further deterioration of DPH and barotrauma; in addition, appropriate respiratory rate should be set to ensure basic minute ventilation, so that PaCO 2 decreases gradually to within the range of stable COPD and alkalosis caused by rapid PaCO 2 change is avoided. 2. Respiratory rate: basic minute ventilation volume and DPH deterioration caused by high respiratory frequency should be considered when setting respiratory rate. Generally, 10-15 breaths/minute is recommended. 3. Inspiratory flow rate (flow): a high inspiratory flow rate (.60 L/min or even up to 100 L/min) can improve oxygenation and ventilation-perfusion mismatch. Inspiratory to expiratory time ratio of 1:2 or 1:3 can prolong time for expiration and meet the ventilation need of AECOPD patients by decreasing respiratory work and improving gas exchange. Decreasing wave, square wave, and sine wave are clinical commonly used patterns. 4. PEEPe: an appropriate PEEPe setting can decrease the difference between airway and alveolar pressures, reduce inspiratory load and respiratory work, and improve coordination with the ventilator. In controlled ventilation, If Pplat increases simultaneously, DPH is suggested to be the main reason of airway pressure increase. 2. PEEPi: increased airway resistance and minute ventilation volume, and decreased elastic resistance and expiratory duration, contribute to PEEPi formation. PEEPi is indicated by the following clinical symptoms, signs, and respiratory and circulatory statuses: 1) expiratory end constant flow detected by ventilators; 2) signs of inspiratory load increase (eg, three concave sign) and consequent failure of coordination with the ventilator; 3) low blood pressure that cannot be explained by circulatory diseases; and 4) Ppeak and Pplat increase in volume controlled ventilation. Expiration hold and esophageal pressure can help to accurately measure PEEPi. 3. Airway resistance: airway resistance estimates therapeutic effect, such as response to bronchodilator, more accurately compared with airway pressure. 4. Gas exchange monitoring: ventilation parameters can be adjusted based on results of blood gases and exhaled carbon dioxide. pH value and PaCO 2 should be monitored to avoid severe alkalosis due to rapid PaCO 2 decrease. 19 The patient's ability of spontaneous respiration and sputum drainage should be evaluated during invasive ventilation for those with respiratory failure. When pulmonary infection has been controlled, signs and symptoms such as sputum changing from purulent to white mucous, decreased sputum volume, and pulmonary rales indicate that respiratory failure has been improved. If FiO 2 is less than 40%, blood gases are nearly normal, and pH .7.35 and PaCO 2 ,50 mmHg, extubation and NIV can be considered for sequential respiratory support. Sequential treatment of invasive and noninvasive ventilation helps to reduce the incidence of ventilator-associated pneumonia and facilitate early weaning.
25,26
Management of complications of AECOPD
Severe AECOPD often coexists with many complications the early diagnosis and treatment of which may have a significant impact on prognosis.
AECOPD complicated with heart failure and arrhythmia Right heart failure can be relieved when pulmonary infection is controlled and hypoxia and hypercapnia are improved by bronchodilator and appropriate use of diuretics. Cardiotonics are usually not necessary. For some AECOPD patients with infection controlled, cardiotonics can be considered if heart failure cannot be relieved with diuretics alone or left ventricular dysfunction is complicated.
Diuretics
Mild or moderate diuretics are usually used to reduce blood volume and pulmonary edema, and thus alveolar ventilation and PaO 2 will be improved. Large doses and frequent use of diuretics should be avoided due to the possible consequential thick sputum which is hard to expectorate. Long-term use of diuretics can also cause hypokalemia, which will prompt the renal resorption of hydrogen carbonate and metabolic alkalosis, and cause further respiratory center depression and respiratory deterioration.
Cardiotonics
Cardiotonics are not often recommended for AECOPD complicated with right heart failure. For those with left ventricular dysfunction, cardiotonics can be used with caution. Long-term hypoxemia leads to poor tolerance to digitalis, which means the therapeutic dose and toxic dose are very close, so poisoning and arrhythmia are more likely to occur. Cardiotonics should be used at a low dose.
treatment of arrhythmia
Arrhythmia is usually accompanied in AECOPD patients with acute respiratory failure. Metabolic disorders caused by AECOPD such as infection, hypoxia, hypercapnia, and electrolyte disturbance can provoke arrhythmia, and so can iatrogenic factors (eg, digitalis overdose, sympathomimetics and theophylline use, and right catheterization). Unlike with primary heart diseases, if not life-threatening, the main therapy for arrhythmia in AECOPD patients is to identify and correct metabolic causes -hypoxia, hypokalemia, hypomagnesemia, and respiratory acidosis or alkalosis, as well as underlying disease treatment. Once the above causes have been treated, arrhythmia will disappear in most cases. Antiarrhythmic drugs can be prescribed if abnormalities still exist when the causes have been corrected or the triggers cannot be removed. Beta receptor antagonists are usually avoided for their negative impact on pulmonary ventilation function. Selective beta 1 receptor antagonists such as metoprolol or bisoprolol are safe in certain conditions. [28] [29] [30] AECOPD complicated with PE COPD is an important risk factor for PE, principally when associated with hospitalization. COPD is an important parameter integrated in prognostic scores such as the Simplified Pulmonary Embolism Severity Index. Patients with AECOPD are more likely to suffer from PE with a high prevalence of 24.7%. The mortality is nearly 30% in untreated patients. 31 When PE is comorbid with AECOPD, the diagnosis for PE could be delayed. If PE is highly suspected in patients with AECOPD, diagnostic examinations should be performed and anticoagulant therapy should be considered.
31,32
Etiology
Hypoxia leads to polycythemia which can increase blood viscosity and platelet dysfunction. AECOPD patients have a high incidence of deep vein thrombosis due to poor cardiac and pulmonary function, limited activity, and being bedridden long term. Nonspecific symptoms and signs like dyspnea and hypoxia, which can be also caused by AECOPD, make it difficult to diagnose PE. Hypotension with or without irreversible low PaO 2 (,60 mmHg) by high-flow oxygen delivery usually suggests the possibility of PE.
Diagnosis
Helical computed tomography and pulmonary angiography are the main methods to diagnose AECOPD complicated with PE. Negative plasma D-dimer is helpful to rule out acute PE with low risk, ie, normal D-dimer is a key factor in excluding PE. Radionuclide perfusion and ventilation imaging has limited value in the diagnosis of PE. If deep vein thrombosis, which is an indicator for anticoagulant therapy has been confirmed, angiography is no longer needed.
Prevention
For long-term bedridden AECOPD patients with polycythemia or dehydration, whether they have a history of thromboembolic diseases or not, heparin or low-molecularweight heparin should be considered for prevention of PE.
treatment
For the treatment of AECOPD complicated with PE, refer to the guideline of diagnosis and treatment of PE in the People's Republic of China 33 and Chinese expert consensus on the diagnosis and treatment of acute PE.
34
Palliative care and end-of-life care of AECOPD The disease trajectory in COPD is usually marked by a gradual decline in health status and increasing symptoms, punctuated by acute exacerbations that are associated with an increased risk of dying. Progressive respiratory failure, cardiovascular diseases, and malignancies are the primary cause of death in patients with COPD hospitalized for an exacerbation. Mortality varies between 23% and 80%. For all this reasons, palliative care, end-of-life care, and hospice care are important components of the care of patients with advanced COPD. 1 Palliative care is generally provided to patients with advanced cancer, and GOLD 2013 for the first time has proposed that palliative care be applied in advanced severe COPD patients. 1 More than 25% of medical costs are generated in the last year of life.
1 Respiratory clinicians should communicate with patients with severe COPD and their families in order to make them fully understand possible critical changes of disease, treatment, and cost. It is recommended to provide the patients and their families with enough time and advices on palliative care before decision-making. Meanwhile, medical expenses will be reduced with therapies that come up to what patients expect and meet their values. Palliative care expands traditional disease-model medical treatment to increase the focus on the goal of preventing and relieving suffering and to support the best possible quality of life for patients. Improving quality of life, optimizing function, helping with decision-making about end-of-life care, and providing emotional and spiritual support to patients are the main goals. Palliative care has been shown to improve quality of life, reduce symptoms, and even prolong survival for patients with advanced diseases. 35, 36 Hospice care can be provided in patients' home or in hospice facilities (such as hospitals or nursing homes) for those with advanced diseases, such as patients with dyspnea at rest and poor responsiveness to bronchodilators, and patients with increasing frequencies of hospitalizations or emergency department visits. 1, 36 International Journal of COPD 2014:9 submit your manuscript | www.dovepress.com
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Hospital discharge and prevention of AECOPD Discharge criteria
Discharge criteria for AECOPD are: 1) the patient, family, and physician are confident that the patient can manage successfully at home; 2) long-acting bronchodilators, either beta 2 -agonists and/or anticholinergics with or without inhaled corticosteroids can be used, and inhaled short-acting β 2 -agonist therapy is required no more frequently than every 4 hours; 3) the patient, if previously ambulatory, is able to walk across the room; 4) the patient is able to eat and sleep without frequent awakening due to dyspnea; 5) the patient has been clinically stable for 12-24 hours; 6) arterial blood gases have been stable for 12-24 hours; 7) the patient (or home caregiver) fully understands the correct use of medications; and 8) follow-up and home-care arrangements have been completed (eg, visiting nurse, oxygen delivery, and meal provisions).
An effective long-term home maintenance pharmacotherapy regimen for the stable phase of COPD should be identified when patients are discharged from hospital. Also, the patients should be retrained in inhaler technique, and patient education regarding the role of the maintenance regimen should be further enforced. Furthermore, completion of steroid therapy and antibiotics, if prescribed, should be instructed, and the need for long-term oxygen therapy should be reassessed. A follow-up visit at 4-8 weeks after discharge should be arranged, and a plan for comorbidity management and follow-up should be provided. 1 
Follow-up
In the follow-up visit at 6 weeks after discharge, the following items should be assessed: the patient's ability to cope with normal environment; measurement of pulmonary function (FEV 1 ); inhaler technique and understanding of recommended treatment regimen; need for long-term oxygen therapy and/or home nebulizer; capacity to do physical activity and activities of daily living; COPD assessment test; modified Medical British Research Council; and status of comorbidities.
Home visits by a community doctor may permit earlier discharge of patients hospitalized with an exacerbation without increasing readmission rates. A management plan can increase the number of appropriate therapeutic interventions and shorten recovery time. For patients who are hypoxemic during an exacerbation, arterial blood gases and/or pulse oximetry should be evaluated prior to hospital discharge and in the following 3 months. If the patient remains hypoxemic, long-term supplemental oxygen therapy may be required.
Prevention
AECOPD can often be prevented. Smoking cessation, influenza and pneumococcal vaccines, knowledge of current therapy including inhaler techniques, and treatment with long-acting inhaled bronchodilators, with or without inhaled corticosteroids, and possibly, phosphodiesterase-4 inhibitors, are therapies that can reduce the number of exacerbations and hospitalizations. International authorized literatures have documented that inhaled corticosteroid/bronchodilator treatment is strongly recommended for the prevention of AECOPD.
37 N-acetylcysteine, a possible antioxidant, is predicted to be therapeutically effective for recurrent exacerbations of COPD. Evidence has shown that carbocisteine and N-acetylcysteine may reduce the numbers of exacerbations in those without inhaled corticosteroid therapy. Use of immunomodulators in COPD can decrease the severity and frequency of exacerbations. Early pulmonary rehabilitation after discharge results in clinically significant improvements in exercise capacity and health status at 3 months as well as in recovery after hospitalization for an exacerbation (Evidence A). On the other hand, symptoms, mental status, effect of bronchodilators, and mortality of COPD patients have all been reported improved by pulmonary rehabilitation. Exercise training (such as walking exercise, upper-limb exercises, or strength training), smoking cessation, nutrition counseling, and education are usually included in rehabilitation programs with a minimum effective length of 6 weeks. The longer the program continues, the more effective the results. In addition, functional status, severity of dyspnea, smoking status, and motivation should be considered when rehabilitation is advised. Patients who are chair-bound (Evidence B), or with Modified Medical Research Council grade 4 dyspnea (Evidence B), or continuing smokers (Evidence B) are less likely to respond to or benefit from these programs. 1 It should be noted that the methods above may be not fully effective, and new drugs and approaches need to be further investigated for AECOPD prevention 38 (Table 9) . Although studies have shown that macrolides may prevent AECOPD and improve patient quality of life and clinical symptoms, 39 GOLD 2013 has pointed out that "continuous use of antibiotics was shown to have no effect on the frequency of exacerbations in COPD. A recent trial of daily azithromycin showed efficacy on exacerbation end-points; however, treatment is not recommended because of an unfavorable balance between benefits and side effects." 
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Advances in telemedicine and AECOPD
In the past few decades, telemedicine has become a good way to manage AECOPD by improving patients' access to health care services in remote areas, revolutionizing health care delivery. Interventions including video, telephone, and Internet links among health care professionals using telemonitoring or other systems of remote health care could significantly reduce COPD exacerbations and emergency department visits and improve quality of life in COPD patients. 40 Other potential positive benefits can be early detection of disease exacerbation and timely intervention, enhancement of adherence to drug treatments, and innovative educational approach with no treatment-related costs to patients. However, data transmission technology, related terminal and platform settings are still far from satisfactory to facilitate telehealthcare delivery. 41 "Internet of Things" is a recent breakthrough in communication technology, which is expected to enhance the feasibility, efficiency, and acceptance of telemedicine. 
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